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Aerosol Trend over Albany
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OBJECTIVE

Estimation of PM2.5 mass concentration at surface
(ngm) while utilizing satellite derived Aerosol
Optical Depth (AOD — unit less quantity) at visible

wavelength
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& What are we looking for ? & Why ?
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MODIS-Terra True Color Images

. §and how
— to get it?



MODIS-Terra Aerosol Optical Thickness
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Sl e What Satellite Provides?
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10X10 Satellite retrieval issues - inversion
km?2 (e.g. aerosol model, background).
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Data Quality - MODIS DT Product
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Online Platform for Statistical Inter-comparison of Aerosols
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Measurement
Technique
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AOD - Column integrated value

(top of the atmosphere to PM2.5 - Mass per unit
surface) - Optical measurement volume of aerosol

of aerosol loading — unit less. particles less than 2.5
AOD is function of shape, size, HM in aerodynamic
type and humber concentration diameter at surface

of aerosols — (measurement height)

level



Support for AOD-PM, : Linkage
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AOD - PM Relation

~-Top-of-Atmosphere

4
AOD (1) = [ Bah s (A zydzas €= e S par x AOD

stirface 3Q HPBL
P — part.lcle.den5|ty Composition
Q — extinction
coefficient
r. — effective radius > Size distribution

Hog, — Mixing height

:I— Vertical profile
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Figure 14. Relationship between 24-hour PM;, concen-
trations and daily averaged AERONET 1, measurements
from August to October 2000 in northern Italy.

—Ully

i Wang et al., 2003
2.0 AT L3 B A )
| se 8O R=070 N = 1095
» 60
c Terra Aqua
S ‘0_' . ¢ = Pinson
g 1.5+ §20, : ; McAdory
’:} B | U e ¢ ® Hoover 1
v | ¢0.3.8.912 No.Bham
= ‘ Corner
1.0}
e | ¢ =» Providence
> * e ‘s
< e 80T
2, | :
= 05+ s 40 -
— g 20
=
r I | | B 53
0 20 40 60 80
" PM
0.0 iy peet farll P T B Relid xR
0 20 40 60 80 100 120
PM,s (ugm 3) 13




Correlations between AOD and PM2.5(hourly)
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Questions to Ask: Issues

vHow accurate these estimations are ?

vIs PM2.5-A0T relationship is always linear?

vHow does uncertainty in AOT retrieval impact
estimation of air quality

v'Does this relationship changes in space and
time?

v’ Does this relationship changes with change in
aerosol type?

vHow meteorology drive this relationship?

vHow about vertical distribution of aerosols in the
atmosphere?




Assumption for Quantitative Analysis

When most particles are
concentrated and well mixed in
the boundary layer, satellite AOD
contains a strong signal of
ground-level particle
concentrations.




Modeling the Association of AOD With PM, .

O The relationship between AOD and PM, - depends on
parameters hard to measure:

B Vertical profile
M Size distribution and composition
B Diurnal variability

[0 We develop statistical models with variables to represent
these parameters

B Model simulated vertical profile
B Meteorological & other surrogates
B Average of multiple AOD measurements

No textbook solution!



Methods Developed So Far

[0 Statistical models

B Correlation & simple linear regression
Multiple linear regression with effect modifiers
Linear mixed effects models
Geographically weighted regression
Generalized additive models
Hierarchical models combining the above
Bayesian models

B Artificial neural network
[0 Data fusion models

B Combining satellite data with model simulations
[0 Deterministic models

B Improving model simulation with satellite data



MODIS AOT

Limitation: Vertical Distribution of Aerosols
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Vertical Distribution

Correlation of Surface PM2.5 with HSRL AOD / PBL, All Flights

— Normalizing AOD with boundary layer height significantly improves
correlation with PM, . (R? Increaggs from 0.36 to 0.79)

« With accurate estimates of PBL height, AOD can be good proxy for PM, &

B e PM25 vs HSRL AOT/PBL (AII Flights) (AOT_ft<O.15*AOT_totoI)
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The A-Train
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What Satellites
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vertical
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Advantages of using reanalysis

meteorology along with satellite

Linear Correlation Coefficients
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MODIS-Terra, July 1, 2007
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mSatellite-derived PM2.5 fills the gap in
surface measurements

mAIll three methods underestimate the
higher PM2.5 concentrations. | SE—— N




Comparison with CMAQ
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Scaling approach

Basic idea: let an atmospheric chemistry
model decide the conversion from AOD to
PM, . Satellite AOD is used to calibrate the
absolute value of the model-generated

conversion ratio.

Satellite-derived PM, ; =

PM, s X satellite AOD
AOD Model

Liu et al., 2006, 25



Scaling approach can be applied
wherever there are satellite retrievals,
but prediction accuracy can vary a lot.

Satellite-Derived PM2 s [p,g/m3]
' 26

(van Donkelaar et al. 2010)



Some online tools

U.S. Air Quality \ %) Infusing satellite

Data into
Environmental
Applications

The Smog Blog

. 1 ep——
April 20, 2013 Z We value your feedback! Please send any comments, problems and (A“‘b‘.‘d‘l’/ N@’S WFA BiRA

suggestions to the |IDEA Team.
WEEKEND EDITION: AIR QUALITY IS GENERALLY GOOD ACROSS US EXCEPT C

The smoke that has been pouring out of Central Americais suppressed a bit today by clo

in the moderate air quality range is in southern California. The ozone levels are increasin MODIS (Terra) I MODIS (Aqua) m GASP WEST

exceedance level of 75 ppb, but clearly showing the start of ozone season has come.

. [Reset ] [z00m o] Regional plots of MODIS Terra aerosol optical depth 48-hour aerosol trajectory forecast, with model winds and
(AOD) precipitation
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The AIRNow Satellite Data Processor (ASDP)
is a system under development that enables blending (or fusing) of

surface PM, 5 measurements and satellite-estimated PM, 5

concentrations to provide additional air quality information to
AIRNow in regions without existing surface air qualitv monitoring

networks.

The ASDP system builds the capacity and framework necessary to
implement satellite data as these data become available to the air
quality community. This project is being funded by the NASA
Applied Sciences Program.

. Log In to Learn More



The use of the AOD as a measure tor mass concentra-
2009 CRITICAL REVIEW tion has skill in some regions but less in others and does
= bt wewed not provide a uniform way to measure aerosols across the

et United States. We discussed in Table 4 the range of mea-

f— Remote Sensina_of Particilata Dan.
- from Space: Hy dards (NAAQS).142 The 39-yr history of those standards par-
Promised Land allels the time period that satellite meteorology and
observations have developed and yet, to date, no satellite

RM. Hoff S A. Chritopher measurements have been used to quantitatively address the
Raymond M. Hoff NAAQS. From the review conducted here, only one congres-
Department of Physics and the Joint Canter for Earth Systems T~~~ Th Sciences

and Technology Canter, Univarsity of Maryiand £

Sundar A 7" . al paft _d

EPA has taken a satellite observations role for itself in
the Exceptional Events Rule.1#4 If a region can show con-
clusively that they are being impacted by an event (a fire,
a dust storm, etc.) that is outside of their jurisdiction to
regulate, the event can be flagged as a nonexceedance
event. This provides a significant motivation for regional




